Multiplexed fluorescence detection in microfabricated devices with both time-resolved and spectral-discrimination capabilities using near-infrared fluorescence.
We examined the feasibility of using a two-color time-resolved detection scheme with microdevices for DNA sequencing applications. A home-built dual-color optical-fiber-based time-resolved near-infrared (IR) fluorescence microscope successfully coupled lifetime discrimination with color discrimination, increasing fluorescence multiplexing capabilities. The instrument was constructed by using two pulsed-diode lasers (680/780-nm excitation) and two avalanche photodiodes as the basic building blocks. The data were processed using electronics configured in a time-correlated single-photon counting format. The use of near-IR fluorescence detection greatly simplified the hardware and allowed low detection limits (< 0.1nM). We examined the separation of a single-base tract on a microchip and compared the performance with that of conventional capillary gel electrophoresis. The microchip was fabricated in glass and contained an effective separation length of 7.0 cm. It was found that, without incorporating a solid-phase reversible immobilization cleanup procedure, the calculated lifetime of the dye label on the microchip was longer and the standard deviation was larger than those of the same sample analyzed using capillary electrophoresis. Using cleanup steps, the accuracy and precision of the measurements improved. Lifetimes of four near-IR dyes (AlexaFluor680, IRD700, IRD800, and IRD40) used in this study were determined to be 986 ps (RSD=2.1%), 1551 ps (RSD=1.8%), 520 ps (RSD=3.3%), and 788 ps (RSD=4.9%), respectively, in a microchannel filled with poly(dimethylacrylamide) (POP-6) gel. The lifetimes calculated using maximum likelihood estimators provided favorable precision on the microchip, where small numbers of photocounts were collected. An M13mp18 template was sequenced on the microchip using a two-color two-lifetime format with POP-6 as the sieving polymer. Read lengths of 294 bp with calling accuracies of 90.8 and 83.7% were achieved in each color channel. The relatively low calling accuracy and the short read length resulted primarily from the short separation channel, which yielded low electrophoretic resolution.